ABSTRACT Refrigeration repair workers may be intermittently exposed to fluorocarbons and their thermal decomposition products. A case of peripheral neuropathy (distal axonopathy) in a commercial refrigeration repairman prompted an epidemiological investigation of the health of refrigeration repair workers. No additional cases of peripheral neuropathy were identified among the 27 refrigeration repair workers studied. A reference group of 14 non-refrigeration repair workers was also studied. No differences were noted between groups for the ulnar (motor and sensory), median (motor and sensory), peroneal, sural, or tibial nerve conduction velocities. Refrigeration repair workers reported palpitations and lightheadedness significantly more often than workers in the reference group. No clinical neurological or electroneurophysiological abnormalities were detected in eight refrigeration repair workers followed up for three years during continuous employment.
Fluorocarbons are used in industry as refrigerants, solvents, and propellants. In A group of 29 white, male refrigeration repair workers were identified for inclusion in the study. Twenty four were employed at the time of the study in the company for whom the referral case had worked. Five other refrigeration repair workers who had been part of the preliminary study in 1979 were also included. Of this group of 29, 27 participated, including eight from the original study. Of the original ten, one had moved out of state whereas one other refused to participate but was still employed as a refrigeration worker and apparently healthy. The referral case was also examined and his results are presented separately.
A reference group was selected to compare results of the medical questionnaire and the electroneurophysiological studies. The reference subjects were selected from one of two local unions of plumbers and pipe fitters or insulation workers. Potential reference subjects were randomly selected from five year age groups to match the age distribution of the study subjects. Potential reference subjects were excluded if they had prior neurological impairment, a history of low back injury, or if they had been exposed to fluorocarbons within the previous 12 months. A total of 32 white, male, non-refrigeration repair workers were contacted. Seven declined to participate, six had a history of prior back injury, sciatic neuropathy, or other neurological problems, and three had worked in the refrigeration trade within the past 12 months. This left 16 potential unexposed subjects of whom 14 participated. This number of reference subjects resulted in an 80% power to detect a difference of 3 metres per second in nerve conduction velocities with alpha set at 5% for a two tailed t test. Table 2 shows the mean nerve conduction velocities and the lower limits of normal. The mean nerve conduction velocities of the refrigeration repair workers were standardised to the age distribution of the reference group. The refrigeration repair workers had mean nerve conduction velocities essentially the same as the unexposed reference group for all nerves studied. Sural nerve conduction velocities for both groups were, on average, at the lower limits of normal. Sensory action potentials of the ulnar and median sensory and the sural nerves were normal, as were distal latencies of the tibial, peroneal, median motor, and ulnar motor nerves. 
Discussion
This cross sectional study showed a significant increase in lightheadedness and palpitations in refrigeration repair workers intermittently exposed to fluorocarbons compared with a reference group of unexposed workers. No objective evidence of peripheral nerve dysfunction was found in the refrigeration repair workers and no decrement in nerve conduction Campbell, Lockey, Petajan, Gunter, and Rom Table 2 Average maximal nerve conduction velocities of refrigeration repair workers and a reference group of unexposed workers* Nerve (lower limit of normal)
Refrigeration workers** (n = 27) Reference workers (n = 14) velocities was found in eight refrigeration repair workers followed up over three years of continuous employment. Personal air samples were obtained from two refrigeration repair workers who participated in the study over the course of a typical work shift. Levels for FC 22 and FC 115 were found to be 14 ppm and 2-2 ppm, respectively. These levels are well within the threshold limit value of 1000 ppm. No symptoms were reported during this work shift, which included repairing leaks from pipes containing fluorocarbons.
Speizer et al found arrhythmias among workers who had reported a high frequency of palpitations and who were exposed to fluorocarbons at levels of FC 22 averaging 300 ppm.9 Nevertheless, experimental human exposure to fluorocarbons under controlled conditions with electrocardiographic monitoring have failed to show significant abnormalities. Azar etal exposed volunteers to 10000 ppm FC 12 for 2 5 hours and found no untoward reactions or cardiac arrhythmias.'2 Stewart etal exposed volunteers to 1000 ppm FC 12 for eight hours a day, five days a week, for four weeks. 3 No untoward effects, electroencephalographical abnormalities, or cardiac arrhythmias were shown. No such studies have been reported for FC 22 or FC 115.
Lightheadedness and palpitations are difficult symptoms to evaluate, as they are often found in people with no underlying pathology. On the other hand, these symptoms are frequently associated with various cardiac arrhythmias including ventricular tachy- cardia.'4 Lightheadedness may also represent a direct effect on the central nervous system. In the light of our findings and those of Speizer et al9 further evaluation of these symptoms in refrigeration repair workers using continuous ambulatory electrocardiographic monitoring appears to be indicated. No association was found between refrigeration repair work and peripheral neuropathy. Some potential sources of bias may contribute towards finding no association between exposure and disease in occupational studies. One important potential source of bias is the "healthy worker effect."'" We can discount this effect in the present study in three ways. Firstly, early in the course of distal axonopathy an individual may experience few or no symptoms and it would, therefore, be an unlikely cause for that individual to leave his place of employment. Secondly, a reference group of workers was used to compare results of electroneurophysiological testing, rather than the general population norms. And, finally, eight workers were followed up for three years and were found to have no deterioration in their electroneurophysiological tests.
Another potential source of bias toward finding no association is that of an insensitive measuring technique. Clinical examination and nerve conduction velocities may be normal early in the course of distal axonopathy. The most sensitive indicators of early axonopathy are sensory action potentials16 but these were measured and found to be normal.
Too few subjects can bias a study towards a negative effect. Although we did not have large numbers in our study, there was an 80% power to detect a 3 m/sec difference between two groups at alpha equal to 5%. A decrement of 3 m/sec in nerve conduction velocity may be clinically undetected because of the wide range of normal values.'7 One final consideration is the level of exposure to fluorocarbon experienced by our group of refrigeration repair workers which appears to be low. During repairs of large leaks exposure levels may be con-Refrigeration repair workers andfluorocarbons siderably higher and more data are needed to determine more precisely the current exposure levels in this group of workers. We conclude that at present exposure levels in the refrigeration repair trade fluorocarbons 12, 22, and 115 do not impair the peripheral nervous system.
